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A process for exponentially amplifying a selected nucleic acid sequence present in a sample, comprising the steps of form- ' 
ing a mixture of the sample and a single primer designed to hybridize with the selected nucleic acid sequence; causing the single 
primer to hybridize to a single strand of the nucleic acid sequence of interest; forming a duplex product of che nucleic acid by a 
polymerase reaction; separating che duplex product into single strands; and repeating the preceding steps until the rate of pro- 
duction of the amplification product is exponential and the nucleic acid sequence of interest has been amplified. 



I 




i 



FOR THE PURPOSES OF fNFORAfA TlON ONLY 

Codes used to itfenctry Seated party to the PCT on the front pages of pamphlets publishing International 
applications, undzr the PCT. 



AT 


Auairia 


FR 




MR 


Mauritania 


AU 


Australia 


CA 


Gabon 


MW 


Malawi 


as 


Barhudus 


CB 


United Kingdom 


NL 


Netherlands 


8£ 


Belgium 


CN 


Guinea 


NO 


Norway 


SF 


Burkina Faso 


CR 


Greece 


NZ 


New Zealand 


BC 


Bulgaria 


HU 


Hungary 


PL 


Poland 


BJ 


Benin 


IE 


Ireland 


PT 


Portugal 


BR 


3ra/ir 


IT 


luly 


RO 


Rumania 


CA 


Canada 


JP 


Japan 


RU 


Kuikian Federation 


cr 


Central African Rcpuhiiir 


KP 


Democratic Peopic'i Kertunfte 


SD 


Sudan 


cc 


Congo 




of Korea 


SE 


Sweden 


CH 


Swiuxrtund 


KR 


Republic of (Com 


SK 


Slovak Republic 


C! 


("ate d'Uoirc 


K2 


Kav-iUutan 


SN 


Senegal 


est 


Cameroon 


M 


(jediiunsfetii 


SU 


Soviet Union 






LK 


Sri I.j/iU 


TO 


Chad 


CZ 


CVech Republic 


l-U 


tjja.ctnhunq; 


TG 


Tugo 


oe 


Cjcrmany 


MC 


MuiluCO 


UA 


Ukraine 


OK 


Denmark 


M<J 


Madaya^r 


US 


United States of Amenta 


ES 


Spam 


ML 


Mali 


VN 


Viet Nam 


Fl 


Finland 


MN 


Mongolia 







HST30D FOR EXPONENTIAL AMPLIFICATION OF 
wncLEIC ACID BY A S INGLE UNPAIRED PRIMER 

vT7?T,n of THF T>nr?.NTlQN 
This invention relates to exponential 
amplification of nucleic acid sequences achieved by use 
of a specific single unpaired primer. 
5 Several publications are referenced in this 

aoolication by arabic numerals in parentheses. Full 
citation of these references is found at the end of the 
specification immediately preceding the claims. These 
references describe the state-of-the-art to which this 
10 invention pertains . 

^CXGROUNP OF THE I NVENTION 

It is well known that a nucleic acid such as 
deoxyribonucleic acid (DNA) is able to serve as its own 
template during self -replication. It is also well known 

15 that a double stranded or duplex nucleic acid can be 
separated into its component single strands. These 
proDerties have been exploited to permit the is vitro 
amplification and modification of nucleic acid sequences 
by" the polymerase chain reaction (?CR) (also referred to 

20 herein as two-primer amplification) . 

FCR is an in vitro, enzyme-based replication of 
nucleic acid sequences, using two oligonucleotide primers 
designed to hybridize to opposite strands and flank the 
region of interest on the target polynucleotide sequence. 

25 Durinc repetitive cycles the nucleic acid is subjected to 
strand separation, typically by thermal denaturation, the 
nrimers are hybridized (by annealing if thermal cycling 
is used) to the single strand templates, and an enzyme 
such as DNA polymerase (DNA template to DNA primer 

3 0 extension) or reverse transcriptase (ribonucleic acid or 
-RNA' template to DNA primer extension or DNA template to 
DNA primer extension) extends the primers on the 
templates. Both of the strands (plus and minus), 
including newly synthesized strands, are made available 

35 as temnlates for the extension of both primers 

respectively by the strand separation step. The result, 
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v <th two *ri*ers, is an exponential increase (hence tne 
t-m "chain reaction") in template nucleic acid copy 
PUBbe- (beta olus and ainus strands) with each cycle, 

--^n p»-*x eve^e both the plus and minus cnams 

because w-ls-H ssuu <_v- — ww 

ar» raolicated (1, 2) . The nucleic acid duplex which 
-osults'will have termini corresponding to the ends of 

uge ^ ir is Dossible, by means cr 
the soeciric primers use-. -- -=> ~ 

, •"— a- othe**wise modify a nucleic 

PCR f to aapliry, de^-ec, o^ ouik-»i 

acid seouence in vitro (1, 2) . 

The art teaches that if a single unpaired 
c -<mer is used in place of two (paired) primers, the 
--suit -is a linear growth in extension product copy 
numb- instead of an exponential growth of both strancs 
(3) . It is generally believed that the reason for the 

, . , ^„ Tr - 111T1 hpr with evele number using a 
linear grov^i in copy numDe. vu-uu ^ 

. ^i-tar i<= t-hat only the template strand 
single unpaired primer is -cnau uu^ 

. _ ^^^w rvr i p Tho Drimer extension 
is replicated during each cycle. yj-ja 

itself is nor copied. 

The linear growth in copy number with a single 

P^-h-t- was confirmed by Kim et al. (3). Kim et al. 
developed a recombinant fragment assay based on PCS. 

r,-r--; -, 0 rq wsfe oraoared which 
amDlification. A pair o*. primers we.e ox. _ 

we : e each comolementary to the opposite terminals or the 
rzccnvi^ seouence expected to be formed from two 

_ TTai-'n of the two oaren*- 

parent chromosomal sequences. Eaca or ai- t . 

„ cnna1 ^ am i 0 nc-s was complementary to only one or 

cnromosomal ssuusa^^ - . . 

thl o^e^s. As predicted, only the recombinant sequence 
(hiving binding sites for both primers, vas detected by 
KiH et al. after 50 cycles. Thus, this assay proves a 

. . ^„ -h* devious observations m tne 
strong conrirmanon ior F- eviu . 

_ „ . ^ ^-a*- two primers are required 
art literature (1,2,3,4) ^na. ^ p-i 

for exponential amplification. * 

_ .^i^irfltion has been used 
Single primer <s.mplii-icai;iuii 

• fl nrocess marketed by 

perform "cycle sequencing m a proce 

lolied Biosysteas, Inc. (San Jose, California,, cycle 
sentencing relies upon a single, dye labeled pr«r or 
terminator to achieve linear amplification or tne 
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extension produces. The primer extension produces are 
then collected and sequenced in order to derive tne 
sequence of the original DNA template. This technique is 
reported to be particularly advantageous in allowing 
sequencing of large constructs with minimal sample size 
(e.g. 42 kb construct using only 1.2/ig of sample)- (5). 
However, the amplification achieved during cycle 
seouencing is described as different from PCR because 
»?CR uses two different primers to achieve exponential 

amplification of the template Cycle sequencing, 

on the other hand, uses only ens primer to achieve linear 
amplification of the extension products." (5). 

Single-primer linear amplification has also 
proved useful as a technique for detecting DNA 
methylaticn and prctain-DNA interactions by providing 
"selective, linear amplification by thermostable DNA 
polymerase 'from Thermus equations" (tag DNA polymerase) 
(6). Thus, single-primer amplification is used by the 

-«,<.i^ii?flrt nrocodur°s to provide the 
a-r— 2_n certain sosciaiizsa pirui~. — im.— - 

expected linear amplification. 

The preparation of primers for PCR requires 
that the terminal sequences of the nucleic acid strands 
(both the plus and minus templates) to be amplified or 
detected, be known (2). The sequence information may be 
derived by direct sequencing of the terminals of the 
nucleic acid of interest, or by sequencing the terminal 
of a polypeptide and producing a corresponding copy 
oliaonucleotide primer. The optimal primer size is 
typically about 20-30 bases in length (2), but workable 
primers may be smaller or larger in particular 
circumstances. As is well known, as primer size 
decreases, the likelihood that the primer will hybridize 
to an unplanned site on the sequence of interest 
increases. Unplanned hybridizations can lead to an 
intention of amplification of the desired product and 
production of products having either a smaller size or an 
undesired primer insert. Thus, the selection of two 
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optimal primers for PGR requires the avoidance of 
unplanned hybridization with the sequence of interest 
whenever practicable. 

The rational selection of primer sequence to 
5 avoid unplanned hybridizations is veil known. Algorithms 
are known by* which the artisan may compare proposed 
primer sequences to the entire template sequence (where 
known) and to any ether sequences which are known to be 
present in an assay mixrura. Such algorithms are 
10 typically implemented by means of a programmable digital 
computer able to store sequences for comparison, execute 
a programmed comparison of all sequences, and thereby 
estimate the likelihood of a desired cr an unplanned 
hybridization occurring based upon a determination of 
15 relative oercent comDlementarities and other factors 

* 

known to affect the likelihood cf hybridization (e.g. 
stringency conditions) . 

The necessity for determining the terminal 
portion of the opposite strands of a nucleic acid 
!0 sequence of interest and preparing two primers 

hybridizabie thereto may be avoided by means of a kit 
marketed by Clontech Laboratories of Palo Alto, 
California (7) . The Clontech UNI -AMP™ Adaptor (Cat. No-. 
5991-1, 5992-1, 5993-1, 5994-1 or 5995-1) is ligated onto 
5 blunt-ended DNA cr cDNA of interest. A single, 

complementary UNI -AMP™ primer (Cat. No. 5990-1) is then 
used to amplify the DNA by the standard PCR process. 
Thus, by means of an attachable pre-prepared 
oligonucleotide adaptor, and a pre-prepared primer 
D complementary to the adaptor, the equivalent cf a 

conventional PCR may be performed using only one primer 
sequence and without any need to analyze the terminal 
sequences and prepare two primers. However, this method 
provides no specificity for the amplification. All DNA 
sequences present will receive a universal primer binding 
site and be amplified or detected by the universal 
primer. Thus, the universal nature of this method lacks 



the specificity inherent in methods which provide for 
specific primers designed to be complementary to a 
portion of the DNA sequence of interest. 

Host, recently, Caetan-Anolles et al. have 
reported DNA amplification fingerprinting using very 
short arbitrary primers (7) . By reducing the primer size 
to a range of five to nine bases, Caetan-Anolles at al. 
were able to relax the stringency cf the polymerase 
reaction. A characteristic spectrum cf short DNA 
products cf varying complexity was produced with 30-40 
thermal cycles. The reported mechanism was priming at 
multiple, unspecified priming sites on each DNA target 
sequence. The major disadvantages of this reported 
single primer system are its complete, lack of specificity 
and the consequent mixture of short amplification 
products. The Caetan-Anolles et al. assay does not 
possess the advantages of a method fcr single primer 
amplification which is specific for target nucleic acid 

sequences of interest. 

The requirement for two primers, each 
complementary to an opposite terminal of a polynucleotide 
sequence of interest, to achieve the exponential 
amplification of ?CR represents a relative disadvantage 
to the artisan seeking a lower cost, simple and rapid 
method of practicing in vitro amplification cf nucleic 
acid at an exponential rata. The disadvantages of two- 
primer FCR include the necessity of preparing two 
oligonucleotide primers, and, as described above, the 
necessity of confirming that the paired primers do not 
participate in unplanned hybridizations, including 
avoiding complementarity between the two primers 
(especially at the 2' end) to prevent them from linking 
and" forming a template able to overwhelm the reaction by 
replicating primer dimers (resulting in an artifact which 
can seriously interfere with PCR results) (8) . There is 
another potential source of the primer dimer artifact. 
The tag DNA polymerase and certain other polymerases have 
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^^-i-j-o ni^pc^sd activity 
- ^ n*vo p voaic no n- template a— ec. — ^ 
been snown ro nav_ a * — % - 

. . , _ n ,.., c , bases to a blunt-ended duplex (3,9)- 
waxen can a-_uac~ a&se* u , . 

. ho0 > ed - ha t if tills non-template axreced 
has been nypornesizea — 

on p s-t nale- stranded 
activity were z? occiu cn a s-ayxc 

. . , ^ho^o is a crood chance that the 
oligemic lessee, -nere is ^ ^ 

.^nsion would form a short 3' overlap vita the. ozner 

which could promote dimerizaticn (3)- When primer 
d'me^s have been analyzed, they have been found zo be 

- - -„„~n ^r-ime-s Thus, one way to avoid primer 
coaaosea or eoun prime- s. ^iu. , 

-^n use onlv a single unpaired 
dimerization would be uo use un-y 

urimer . , . 

_i ^ /-a--; on has been used zo 
Two-oriaer aaclij-icawion osf 

, flm ..„ o5 fron a cclvnuclectide sequence 
isolate new gene sequ=nces .j.om * u . 

iihr-Tr. However, the requirement for primers ^ 
commentary to th. sequences of the opposite termini of 
cc th strands of the new gene sequence has »pr«en^ ^ 
r..! obstacle to the use of polymerase ^plizxcaaon ror 
? uroose. Of course it is well known that a new gene 

- , _,,ff^ c i antlv comDleDsn-ary 
mav be isolated by means or a siu.„c-n. . ; 

nrn- a -at^c a oortion of the sequence or una n.w 
"gene, but probe isolation methods lack the sensuivi./ 

provided by ?CR. 

A. similar limitation exists in the practice o. 

^ - „,T t -'in"J» nucleic acid 
PCR to provide asoli-ica^an u ~ 

sequences of lat«»t pr—* i» «» sanplS - in 

^ition, as tta. number of B ri-=. pr—* a an 

M , < Miction ai*--u» increase, the .«o=f r«ai»d u> 

, , . ■ ..^-^,*- ori b^ve^n each orimer ana une 
avoid unolanned hyoriaizcawion be^e,n . 

^ ;^ aro ci- (rarest sequences), or 
nucleic acid sequence of merest (wa^g- * 

between two or more primers (e.g. .asu n. e 

dimer artifacts) , greatly increases. 

• ^n?f* a heretofore 

Thus, it can be appreciated uiiau a nere. 

• i • i « mo'-hod for achieving exponential 
unavailable me<_noa rot <=• ^ 

rmr-1 aic acid sequence Oi. 
amplification of a specific nucleic a - 

. • i„ „ cinciie oH-mer but retaining 

interest requiring only a sxng.e p-i 

■ • ,.„„i w h# ?>n important and 
specificity of acuion would be an -n_ 

unexpected contribution to the art. 



nn.TFrTg OF TH2 INV ENTION 

It is a primary object:, or the invention to 
provide a process for exponentially amplifying a nucleic 
acid sequence of interest present in a sample using a 
5 single primer designed to hybridize with the nucleic acid 

sequence of interest. 

It is another and related object of the 
invention to provide a method for making a primer for 
single primer exponential amplification of a nucleic acid 

10 sequence of interest. 

It is yet another and related object of the 
invention to provide a method for exponential 
amplification of a nucleic acid sequence of interest 
without the necessity for preparing two primers. 

15 K is a further and related object of the 

invention to provide a method for exponential 
amolification of a nucleic acid sequence of interest 
which avoids the formation of interfering primer dimer 
artifacts between paired primers. 

20 It is yet a further and related object of the 

invention to provide a method for exponential 
amplification of multiple nucleic acid sequences of 
interest without the necessity of providing multiple 
pairs of compatible primers. 

SUMMARY OF THE INVENTION 

The invention is in a process for exponentially 
amplifying a nucleic acid sequence of interest present in 
a samole. The process comprises forming a mixture of the 
samnle and a single primer designed to hybridize with a 
30 strand of said nucleic acid sequence of interest; causing 
the single primer to hybridize with a- single strand of 
said nucleic acid sequence of interest; forming a duplex 
product of the said strand by a polymerase reaction; 
separating the duplex product into single strands; and 
3 5 reseating the preceding three steps until the rate of 
^reduction of the duplex product is exponential and the 
nucleic acid sequence of interest has been amplified. 
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The amplifications performed by 'the methods of 

,-1 pno-nvim2.tely linear until about thi* Ly 
the invention are app^axun.i. — ±x 

-o sixtv cvcles are. completed. Thereafter, signincan. 
L _ no ; ; ; cation is observed. The cycle number 

when significant exponential amplification begins will 
vary with the template, the primer and other reaction 
conditions. Thus, for each amplification (for each 
orim^/tenolate combination) according to the invention, 
"successful amplification will usually be achieved by 
assaving the production of product as a function of cycle 
number, in addition to the optimization or tne Owner 

factors well knovn to the art. 

Surprisingly, it has now been found that a 

" .«<«, B rt rn hvbridize with a nucleic acid 
single primer cesignea uo nyat iu-«. 

.--.rest is able to provide exponential 
unification of the nucleic acid sequence of interest 
Exponential amplification commences after about thirty to 
sixtv amplification cycles. The exponential 
^l^c^on proceeds -without the necessity of preparing 
two primers, and the formation of primer dimer artifacts 
ar- avoided. The unexpected exponential amplification of 
the invention greatly simplifies the process of 
amplifying multiple nucleic acid sequences of interest 

present in a sample. _ 

^vp-? it possible to detec- the 
The invention maxes it -~>- 

- ^ * nu C i»ic atrd sample of interest in a sample 
presence or a nuciaic <s.u_u. ^ - _ 

~oy incorporating a labeled primer followed by measurement 
of the labeled modification product. Any accurate and 

. , - ^^oction or quantification o±. 

sensitive assay methoa ror a«-ect.on o h . 

aanH^ cation products may be used to evaluate 
empirically the optimum parameters for single primer 

\ . - . - a detect the amplification proauct a. a 

amoliricaticn c_ -a gsub-l. . , . , 

single D ri3er amplification. A preferred assay metnod 
Known to the art relies upon the incorporation of orders 
labeled bv electrochemiluminescent (ECL) tags. An 

T s preoared and linked to single oligodeoxynuclect.de 
primers of' the invention. The cligodeoxynucleot.ee 



pr-imers are each prepared to be sufficiently 
complementary to a different nucleic acid sequence of 
interest. Primers are labeled via an amino group 
introduced during synthesis, or directly during 
synthesis, using tag NKS and tag phosphoramidite 

respectively . 

Oligonucleotide probes may also be prepared 

which are complementary to the amplification products of 
specific oligonucleotide primers. These oligonucleotide 
probes are synthesized to be sufficiently complementary 
to the region encompassed by the first 20-50 bases of the 
temolate nucleic acid strand which is copied by the 
primer.' The probes are linked to a biotin moiety via an 
amino group introduced during synthesis. 

The amplification products in accordance with 
the invention are mixed with the oligonucleotide probe 
and allowed to hybridize. The complex formed from the 
hybridization of the probe with the amplified and labeled 
target sequence is captured by streptavidin coated beads. 
The strsotavidin coated magnetic beads bearing the 
amplification product and probe complex are then analyzed 
for ECL signal levels by means of an apparatus (10) able 
to induce and measure electrochemiluminescence. The 
presence and quantity of the ECL tag incorporated in the 

j — i - a af-r-nrarai v determined. 

amplification product is read and ac~u_-t__ y <^<=u - 

in yet a further embodiment, the invention is 
in a method for making a primer for single primer 
exponential amplification of a nucleic acid .sequence off 
interest having a 3' terminal and a 5' terminal. A 
putative primer of approximately 10-40 base pairs 
designed to hybridize to a first primer site located 
approximately at the 3' terminal of the nucleic acid 
sequence of interest is prepared. 

The secruence of the putative primer is then 
compared to sequences 5' of the primer selection site to 
identify complementary region (s) of the nucleic acid 
secuence of interest. If such complementary region(s) _ 
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are identified it may be expected that they will serve as 
second insertion sites and the operability of the 
Putative oriaer may be expected. The 5' sequences or 
~sai* nud eic acid sequence of interest are located viuun 
5 5 kb c~r sa^d orimer selection site and preferably within 
2 kb of said orimer selection site. The complementarity 

u • -no -pncro 7.5 to 100% and is preferably m 
may be m ens _ange o- /-^ 

tue -ansa of 3 0 to 100*. Thus, the lower limit et 
comolementarity by this method is in the range of T.» » 
« 30%". The putative primer may then be used in the method 

*- n cnnriTi its operability. 
c f the invention ^o co m 

r- aforedescribed comparison method rails 
to orovide'iingle primer exponential amplification by the 
putative primer, a second putative primer can be obtained 

■ j-v,^, -i-^- nrimer selection site one 

IS by frame sauting tne lLS. p~mer 

hase towards the 5' terminal of the nucleic acid or 
,nte-est and oreparing a second putative primer or 

• • 1,, ,n-4fl base pa^-s. designed to hybridize to 
approximately 10-40 case £><=. — ■= 7 

J" .- ni ~*d ~™>- s^te. The comparison process nay be 
tne sni-L^ea. ^ ... 

■ ^ , fl , ar ,fn e the likelihood of success viui une 
20 repeated to ceuermme uae --^ _ 

• ^ r v cthi-Ft-ino: the primer siv.e one 
second putative primer. By sh—.-ng . 

> - -v- a -ds the 5' terminal of said nucleic acid or 
more base towarcs tne = <-<=-•» . 

interest a third putative primer of approximately x0-40 
base pairs designed to hybridize to a third shifted 

. a- = :, 0 nav b o soared. The process may be 
25 primer siue may o_ p--^ . . _ « ? ,- + . 0 «= 

"continued to provide a series o£ putative pr^ng s.res 
and a series of putative primers designed to hybncize 
thereto. The successful primer is ultimately determined 
by screening the series of frame-shifted putative pr^s 
30 to identify a single primer which is operative .or smg- 
orimer exponential amplification. 

"in a further aspect, a modified single pr^er 
na y be oreoared from a putative first, second . . . or 

<-h ■ " _"v,„ rh , no i OT a first non-complementary aase of 

n primer by cnangmg <=• 

nr near- th<=> 3 ' terminal of tne 
35 the putative primer, a^ or nea_ tn- ^ 

_ " • ■• r to be complementary to a corresponding 

putative Drimer, to oe cum V j. 

^neo-tion site. This steo may oe 
base of a second primer mse^ion site. 
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repeated by changing a second non-complementary base 
located 5' of and approximately adjacent to the first 
chanced base to produce a second modified putative 
primer. These steps may be repeated for each non- 
complementary base in the 5' direction to generate a 
series of modified putative primers having an increasing 
complementarity to the second primer insertion site and 

-4m 

having decreasing complementarity to the first primer 
insertion site. An operative primer is selected by 
screening the series of modified pucative primers to 
determine which is operative for single primer 
exponential amplification. 



npfj TTiFD DESCSIPt'TON OF TK5 INVENTION 

15 Definitions 

In order to more clearly understand the 

j_ • ~ ~ —j- -, i i... — =T-a derined as follows, 
invention, certain u arras s^e uej - ii ' — 

A "nucleotide" is one of four bases: adenine, 
cytosine, guanine, and thymine (DNA) or uracil (UNA) ,< 

20 plus a sugar (deoxyribose for DNA, ribose for SNA), plus 
a phosphate. In order to provide monomers for the DNA 
polymerization reaction, typically all four of the 
deoxynucleotide triphosphates are required. A nucleotide 
as defined herein may also include modified bases such as 

25 5-methyl-dCTP and 7-deaza-dGTP used to improve the action 

4.___t -.-u^c; The fcoTm nucleotide as usee 

of polymerase on templates, me t — u uu '- i " 

herein also includes bases linked to biotin and 
digoxigenin (Digoxigenin-ll-OT? from Boehringer Mannheim, 
Indianaoolis, Indiana), and biotin-2I-UTP and amino-7- 
30 dUT? (Clontech, Palo Alto, California) which may be 
incorporated directly into a primer or into a primer 
extension product during amplification, to provide for 
. selective binding of amplified sequences. 

An "oligonucleotide" is a sequence formed of at 

35 least two nucleotides. 

A "polynucleotide" is a long oligonucleotide 

- and may- be either RNA or DNA. 
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While the term oligonucleotide is generally 

. j- j —ano" nucleic acid chains, 

used in the art to denote smaiie- nuc__x- *. ^ 

and "polvnucleotide" is generally used in the a^ to 

i ;~ rn?i'ns including DNA or PwNA 

denote larcer nucleic acid cna-ns -ntiuu- * 

5 chromosomes or fragments thereof, the use of one or the 
other term herein is not a limitation or description or 
size unless expressly stated to be. 

It is also well known to the art that the term 
"nucleic acid" refers to a polynucleotide of any length, 

. , nwi nr ^?NA chromosomes or fragments thereor 

10 inducing uua. or xs<a. ^u—^u^ 

. _ ,n^--iod bases as described above. 

with or without aoa^iea Di;sttS 

A "sequence" (e.g. sequence, genetic sequence, 

. c ~ ™ nc = nucleic acid sequence), refers to 
nolvnucleotias sequent-, m.*- 

-. ,„ n ^ 3 rod bases f-^ibcse or deoxyribose) 
the actual enumerated oase^ ^.-^ 

t „„4-i^ 0 cr>-?nd f-eadinc from the 5 ' to 
15 present in a polynucleotide s^ana u-u* 

3' direction. 

A -specific or selected" nucleotide sequence 

refers to a particular sequence distinguishable (i.e., by 

2 0 (e. g y, the specific nucleotide sequence 5'-ATGCCC-3' is 
not the same sequence as 5 ' -AAGCCC-3 ' ) . 

Th- "complement" to a first nucleotide sequence 
^ veil known to be a second sequence comprising those 
bases which will pair by Watson-crick hybridization with 
the f-^st seouance. Thus, cuwy — 

deoxyribonucleic acid (DNA) sequence 5-ATGC 3' is well 
known to be . 5 ' -GCAT 3'. For duplex, or double stranded 
DNA, each of the two strands are described as 

«-her or as a complementary pair. 
coHDlementary zo the oaier or as a . ^ 

T^e't-nas complement and anticomplement may also oe used.. 
W^th Terence to the identification of the strand or^ 
dilex DHL from which transcription to SNA proceeds, ^ 

" • -,•„„ s —and is generally described as plus and 
<t* complement as minus (or «+« and "-»} , or the 
transection strand may be described as the sense 
strand, "and its compliant as antisense. Two strands 
-ach hybridized to the other having ail base pairs 
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complementary, are 100% complementary to each other, 
strands, each hybridized to the other, having 5% of bases 
non-complementary, are 95% complementary (or the two 
strands have 95% complementarily ) . 

"Moinolccv" between polynucleotide sequences 

r^-r cpruenc° s ~v 1 aritv between the 
refers uo tine aegree cr sscu^il- * — i„&_^y 

respective sequences. Tvo strands which are identical in 

sequence have 100% sequence homology. Tvo strands which 

differ by 5% of sequences have 95% sequence homology. 

The greater the degree of homology between two strands A 

and B, the greater the complementarity between A and the 

complement of B. 

A "Drobe" is a single or double stranded 
nucleic acid which has a sequence complementary to a 

15 target nucleic acid sequence of interest and which has 
some additional feature enabling the detection of the 
probe - target duplex. The artisan will understand that 
If "the probe and/or the target is double stranded, the 
double stranded nucleic acid must undergo strand 

2 0 seoaraticn before hybridization can take place. 

A probe is rendered detectable by an attached 
tag or marker. A tag or marker linked to a probe may 
include a fluorescent or luminescent tag, an isotonic 
(e.g. radioisotope or magnetic resonance) label, a dye 

2 5 marker, an enzyme marker, an antigenic determinant 

detectable by an antibody, or a binding moiety such as 
biotin enabling yet another indicator moiety such as a 
streptavidin coated bead to specifically attach to the 
probe. When the labeled or tagged probe - target duplex 

3 0 is formed, that duplex may be detected by the 

characteristic properties of the tag cr label. 
Alternatively, as described for the ECL assays in the 
following examples, the probe with its binding moiety 
allows the capture of labeled target, via hybridization 
3 5 and duplex formation, allowing detection by a label or 
other art known means. 
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The term "label" or "labeled" when applied to a 
nucleic acid means that the nucleic acid in question is 
linked to a moietv which is detectable by its properties 
which may include: luminescence, catalysis of an 
5 identifying chemical substrate, radioactivity, or 
specific binding properties* Thus, the term "label" 
includes ligand moieties unless specifically stated 
otherwise. 

A "template" is any sequence of nucleic acid 
10 upon which a complementary copy is synthesized. This may 
in general be DNA to DNA replication, DNA to RNA 
transcription, or RNA to DNA reverse transcription. A 
DNA template provides the sequence information for 
extension of the complementary primer by the DNA 
15 polymerase reaction. An RNA template may provide the 

seouence information for extension of a complementary DNA 
primer by an analogous reaction catalyzed by the enzyme 
reverse transcriptase. As is well known to the art, the 
template may be found in a single or double stranded 
2 0 form. If the template enters the amplification process 
in the double stranded form, the template strand will not 
hybridize to its complementary primer until it is 

i 

denatured by the first thermal denaturing cycle. If the 
template enters the amplification process already in the 
25 single stranded form, the primer will hybridize 

(described as annealing when thermal cycling is utilized) 
with its complementary template before the first thermal 

denaturing step. 

A "primer" is a relatively short segment of 

30 oligonucleotide which is complementary to a portion of 

the sequence of interest (the sequence of interest can be 
a subfragment within a larger nucleic acid sequence) . A 
primer represents a 5' terminus of the resulting 
extension product. A primer which is complementary at 

35 its 3 r terminus to the sequence of interest on the 

template strand enables this 3' terminus to be acted on 
by a polymerase on hybridization to the template. It is 
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well known that modifications to the 3' end will affect 
the ability of an oligonucleotide to function as primer. 
An example is the incorporation of a dideoxynucleotide as 
in DNA sequencing thus preventing the action of DMA 
5 polymerases. It is well known that the length of the 
primer'viil depend upon the particular application, but 
that 20-30 base pairs is -a common size. As is well 

• , T-n-i- he a De**fec~ complement for 

known, a primer nsec nou ne & y — — 

successful hybridization to take place. If the primer is 
10 an imperfect compliant, an extension product will result 
which incorporates the primer sequenca, and during a 
later cycle, the complement to the primer sequence will 

, . -^ar! -k-i,= t^molate secruence. Thus, i~ is 

be incorporates. --i— — 

well known that a properly selected primer having a 

IS sequence altered from that of the complement of the 
template may be used to provide in vitro mutagenesis. 
The" primer may incorporate any art known nucleic acid 
base's, including any art known modified or labeled bases 
as defined above so that the primer extension product 

20 will incorporate these features to permit separation and 
detection of the primer extension product. A tag or 
marker advantageously linked to a primer may include a 
fluorescent or luminescent tag, an isotonic (e.g. 
radioisotope or magnetic resonance) label, a dye marker, 

25 an enzvme marker, an antigenic determinant detectable by 
an antibody, or a binding moiety such as biotin enabling 
yet another indicator moiety such as a streptavidin 
coated bead to specifically attach to the primer or any 
nucleic acid sequence incorporating that primer. When 

30 the labeled or tagged amplification product is formed, 
that amplification product may be detected by the 
characteristic properties of the tag or label. 

The term primer extension product describes the 
primer sequence together with the complement to the 

3 5 temnlate produced during extension of the primer. 

~A specific cr selected primer is one which is 
designed to hybridize with a particular template sequence 
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to achieve the desired result by making the primer 
complementary or approximately complementary to tie 3 ' 
terminal of the template sequence. The specific primer 
will selectively achieve the desired result even if the 
5 target template sequence is present in a mixture of many 
other nucleic acid sequences. 

The specific cr selected primer is 
distinguished from a "universal primer" which will 
indiscriminately anneal to any DNA sequence to which a 
10 complementary (to the primer) adaptor terminal sequence 
has been attached. With a universal primer, care must be 
taken to isolate the nucleic acid of interest, or 
otherwise direct the ligation procedure only to the 
desired DNA secuence of interest, to avoid randomly 
15 attaching the adaptor to all nucleic acid sequences 
present* 

The term "single primer" means a single, 
unmaired, specific or selected primer designed to 
selective!" hybridize with a target nucleic acid sequence 
20 of interest. 

"Single primer amplification" is a method for 
amplifying a nucleic acid utilizing only a single, 
unpaired, primer which is complementary to a portion of 
the secuence of interest. There is no need for a second 
25 primer as is taught by the art to achieve exponential 

amplification of both a selected nucleic acid sequence of 
interest and its complement. A single primer 
amplification according to the invention exhibits 
approximately linear amplification during the early 
30 cycles r but after a variable number- of cycles exponential 
amplification commences* 

A "strand" is a single nucleic acid sequence. 
Thus, a duolex or double stranded chromosome, chromosome 
fragment or other nucleic acid sequence may be separated 
5 into complementary single strands. 

"Strand separation" refers to the conversion of 
a double stranded or duplex nucleic acid to two 



complementary single stranded polynucleotides. The 
separation process may employ well known techniques 
including: enzyme mediated separation (e.g. by the 
enzvme helicasa (2), physical-chemical separation (?K, 
ionic concentration and the like) , and thermal separation 
also known as thermal denaturing. Thermal denaturing 
(also referred to as "melting") is the separation of a 
double s" anded polynucleotide (fully or partially 
duplex) into at least two single strands of 
polynucleotide by raising the temperature of the solution 

holding that polynucleotide. 

"Hybridization" describes the formation of 
double' stranded or duplex nucleic acid from complementary 
single stranded nucleic acids. Hybridization may take 
place between sufficiently complementary single stranded 
DNA and/ or RNA to form: DNA-DNA, DNA-RNA, or RNA-SNA. 

"Annealing" refers to hybridization between 
complementary single chain nucleic acids when the 
temperature of a solution comprising the single chain 
nucleic acids is lowered below the melting or denaturing 
temperature - 

The in vitro amplification of DNA is catalyzed 
by DNA polymerase. A number of types of DNA polymerase 
are known to the art. They generally share the common 
property of catalyzing the synthesis of a double stranded 
DNa" secuence utilizing a single stranded template to 
which a primer is annealed. DNA polymerases extracted 
from most organisms become inactive at the .temperatures 
required for thermal denaturing of nucleic acids. Thus, 
replacement of the enzyme at the start of each thermal 
cycle, or the addition of a factor able to prevent heat 
^activation, is required if such heat sensitive enzymes 
ar« utiUzed. The DNA polymerases which are preferrea 
for in vitro PCR as well as for the invention are derived 
f^om organisms which thrive at high temperatures and tnua 
are heat resistant (do not lose catalytic activity at the 
temperature which denatures duplex DNA) . 
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The reaction catalyzed by DNA polymerase is 

^ ^ -,nd rafarraa to herein as the "DNA 

known to me arc, ana 
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polymerase reaction". The reaction as modified herein 
recuses a buffer solution as Known to the art, a supply 
of MA template (the DNA sequence of interest), some^or 

_ camiencs ccmposirxon) or the 

all (defending on rsmpiate sequem — - 

- ~ ^ " ^hnnucieo-d- .triphosphates (which may incluae 
four aeoxvrinonucj-eo — u- . 

m cd^ed bases as described above), a single specific 
orimer designed to hybridize to or near the 3 ' terminal 

" - ^ ™ o^-e^— ably used in a molar excess or 
of tne temDiaue, p-e 

„+. -~ 4- ha nucleic acid of interest, and 
1000:1 with respec- uo -he nuciei- 

• cpnaration. Strand separation 

a means for cyclic strand se?arau.on. 

is or-e-ablv achieved by themal cycling between 
anneaUng and denaturation temperatures. Reverse 
t-anscriotase is lenown to mediate both SNA to DNA 
copying, as well as DNA to DNA copying. Hence, any 
number of enzymes now known will catalyze the chain 
T-eacticn. 

"ETac-crocheailusiinescent (ECL) labe_s are 
those which become luminescent species when acted on 
oiectrochemically. Electrochemiluminescent techniques 
11- an improvement on chemiluminescent techniques. They 
Drov'da a sensitive and precise measurement of ^ 
"oresence and concentration of an analyze of interest, in 
"such technicues , the sample is exposed to a voltaamezric 
working electrode in order to trigger luminescence. J» 
, < ght oroduced by the label is measured and mdicates .n- 

. .. ^ . ho ,. ? ivte Such ECL techniques 
presence or craannry of -he analyse, a 

"are described in ?CT published applications by Bard ew 
al. (11) and Massey et al. (12,13,23,24). 

An' "ECL assay buffer" is a general diluenr 
which contains tripropylamine that is necessary for the 
electrochemical reaction on the electrode in an ECL 

analyzer. , . 

„ ,,=■<;! diluent" is a diluent reagent used in 

diluting solutions containing labile biomolecules for . 

storage purposes. 
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The terms "detection" and "quantitation" are 

referred to as "measurement", it being understood that 

Quantitation may require preparation cf reference 

compositions and calibrations. 
5 "ZCL apparatus' 1 is any apparatus for performing 

elactrochemiluninescence based assays. 

Tag NHS (N-hydroxy-succinimida) and tag 
phosphoramidita are examples of ECL tags. The tag-NHS 
ester is useful for labeling substances containing free 

_ ^^.ui fl ^-^xr- ; on th the NHS ester to 
10 ammo groups capaoie oi ^-ac — ua 

. K ^ n ^ r q 0 o for example, WOS 6/0 2734 ) • The 
rorm an. amide bona. ( jss , eAC ^ J -' — J 

tag phosphoramidite is useful for labeling substances 
containing free amino, sulphydryi, cr hydroxy! groups 
formina uhosoho-linkagas, especially phos?hcdies-er 
15 linkages . 

c.ur^nn af Prim e- SinclP Primer Amplification . 

Anv oligonucleotide complementary to the 
approximately 10-40 bp sequence of the 3' terminal of the 
nucleic acid sequence of interest may be chosen as the 

20 first putative primer for practicing single primer 

amplification. It has been discovered that the majority 
of ~ primers so selected provide successful amplification 
after manipulation of the various polymerase reaction 
parameters well known to the art. 

25 while net wishing to be held to any particular 

hvoothesis as to the mechanism of action of single primer 
exponential amplification, it is believed that transition 
from linear ammlif ication to exponential amplification 
occurs upon insertion of a primer site into the copy of 

3 0 the nucleic acid sequence of interest in a region 3' to 
the original or first primer site. Thus, exponential 
amplification proceeds because there are two templates 
each having a primer site. The single primer amplifies 
both templates and exponential amplification follows. In 

35 anv nucleic acid sequence of interest the likelihood is 
gr«t that a second primer site will be inserted at 
another location on the nucleic acid 5' from the original 
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primer sit* during the linear amplification steps, 
orimers selected as fully complementary with. the 

■ i „„ r ioic acid secruence or 

aoorcximatelv 2' terminal or oie nucl-ic ac_a . 

int— st have orovided exponential amplification after a 
5 number, i.e., 30-60, of cycles of the polymerase 
reaction. 

For these first putative primers which ao not 

■, -; mo-r- oYnonentia 1 amoii.ricaui.on, a 
provide single primer exponem — &_ ^ 

. . -h n „rativa nrimer mav be used, or, a 

second, or mira or n pu.a^ive p. -a 

10 more detailed, but still routine, effort may be maae to 
create a modified putative primer. As described aoove, 

ot-^ rh?^* even Daired priaer 
— is w*li known "he arw una- eveu uc- ^ 

^^.BtKa mav require some routine effort to overcome 
difficulties in the practice of the amplification 

15 nrccass. , . 

It has now been determined that the putative 

single orimer may be designed to hybridize to the 3' 

. , the ,„ c i»<c acid secruence of interest, and 
terminal a±. ^-ha «i.c-. — - _ t . 

- i™* rn-aoiementanr to a second region >_ne 
may ae at, leasw compj.e-«s*i 

- •„ e9C u»nca cf interest. The degree or 

20 nucieic acid, sequences ul — iiw 

^.^^•tv Q-? the first mutative primer to the 
coEolemeni-a^.iuy u_ ui — — _ _ 

• on the nucleic acid sequence may be as 
second c rimer s^-e on we nut 

, n . a - h^ch as ■'00%, however, i" is nou 

low as 7.5% - 3 0*, or as nign as» - uu ' 

. ^ <- ha outafive orimer hybridize with tne 

recruired tna>- uuudi-_v>_ _ 

25 second orimer site. 

A generalized procedure for single primer 

, n -ol^ows- a secruence cf about 10-40 bases 

selection is as .oi^owb - & - . 

_ ^ r t-or-iinal of a nucleic acia 

located at or near me 3 usr^indi u_ # . 

secuence of interest is selected as the first prmmg 
30 s<te, and a «fl««t«J oligonucleotide is prepared. 
Th» complementary oligonucleotide is the first putative 
orimer." Primers selected by this procedure have 
generallv been effective to provide successful single 
strand priming without more selection. 
35 th. sequence of a first putative single primer 

„ r be compared to the region of the selected nuclei^ 
acid sequence of interest 5' from the first primer si.e, 



in order to identify additional complementary sequences 
between the first putative primer and the selected 
nucleic acid sequence. The complementary sequences 
should be within 5kb of the first priming site and 
preferably, within 2 kb of the first priming site. If 
one or' mere sequences within the nucleic acid sequence of 
interest are found to be- at least 7.5% and preferably 30% 
complementary to the first putative primer, then it can 
be expected that single primer exponential amplification 
will be achieved. Confirmation is obtained by carrying 
out the method of the invention. 

If this strategy does not result in successful 
ariaing, a second, or third, or n~ putative primer nay be 
obtained by shifting the first priming site one base at a 

=r a n i i a i of the nucleic acid sequence 
time towaras the s u3j.nu.nd. 

of interest. The sequence of each successive putative 
primer mav be compared with sequences within the nucleic 
acid sequence of interest to determine the likelihood of 
success of such primer as described above. Ultimate 
confirmation is achieved by carrying out the method of 

the invention. 

If shifting the first priming site fails to- 

result in a primer providing successful single primer 
exponential amplification, then the sequence data 
generated during this process may be used to design a 
primer having the greatest complementarity with a 
potential second priming site on the nucleic acid 
sequence of interest and, preferably complementary with 
the 3' region thereof. These modified primers may be 
varied one base at a time, to create a series of 
optimized modified putative primers of increasing 
complementarity with the potential second priming site, 
but" of decreasing complementarity with the first priming 
site. The resulting series of putative primers may then 
be screened to identify a successful primer. 

In order to better understand the invention a 
number-^ of examples illustrating some of the various ways 
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in which sincle primer amplification may be carried out 
are prodded. The examples are not intended to in any 

s-oce of the invention, but are provided to 

. ; 4-'_— eic' 1 1 ed artisan, 
illustrate the invention -o Jie sk ea 

' cx^^fs of -^n^' (Tac-^osphoraaidite),- 
7 ^.XMia of T — °* Brom o Alkanol 

This synthetic scheme may be better understood 
by referring to Scheme la) below. 
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^iin^Hner tr-ac*dura is for the synthesis of 

d-ca^bon soacer arm. However, me 
biDVXiame iigana wim - Cct -' ;u " - 

-^acfld'^* has been used without any 
same svntnes is -rocea. ^« _ 

■ • - ev -hes^ a 7-carbon bipyridme 

modification ror tne sy.^nes-s 

Ugand using ^-derivative of bromohexanol. 

3-b-omo-l-orooanol, 12.5 g (.90 mmcle) , was 
placed in a 250 mi round bottom flask. Dichloromethane 
50.0 ml, and 100 mg P-toluenesulfonic acid were adaed uo 
the flask. The solution was stirred on a magnetic s.ir 

J .. . ,.._ vr , n q 2 g ( HO insole), was 
plate 3 •i-dmvcro-2ii-pyran, - ■ ^ y v- 

^solved in so'nl or dichloronethane and the resulting 
so! ution was placed in a pressure equalized add-on 
funnel. a» 3,4-dihydro-2H-pyran solution 

addition funnel was added to the solut.cn » the 

, , i.,««T, in J - - -i<= 1=1 ask turned 
over a period of. 1 b. The solution m me —a 

. " . . . „ _ r . prfc creen in color. The progress oo. 

either a light cr car* g-een x« 

, _ rprr on i ica-ael plate m 
the reaction was cnecked by TLC on s 

i _ - — ^LC plate was 
50% hexane : 50% ethylace^e. me -i^ 

--r-,^-, in a solution Oi. 
developed by dipping the pla„- mas 

j TT _^ it on a hot plate. 

phosphomolybdic acid and warming u on * 

^o'uet a THP-derivative of 3-bromo-l-propanol has an 
R " T 0 and the unreacted 3 , 4-dihydro-2H-pyran has an 
R f "o 5 (exhibits streaking) . The TLC demonstrated that 
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the reaction vent to completion in about 1 hour after the 
addition of the 3 , 4-dihydro-2H-pyran as indicated by a 
major single spot with an R f ,1.0. The reaction was then 
quenched by the addition of 100 ml of 2 0% sodium 
5 bicarbonate solution followed by extraction of the 

acrueous laver twice with 100 ml of dichlcromethane. The 
combined dichlcromethane layer was dried over 50 g 
anhydrous sodium sulfate and rotary evaporated to obtain 
an oily product. 
10 The final (oily) product was purified by silica 

gel column chromatography using 5% ethyl acetate : 95% 
hexane as the mobile Dhase. The chromatocrraohv was 
monitored by TLC using the solvent conditions described 
above. Fractions containing pure product were pooled and 
15 the solvent: was removed by rotary evaporation, resulting 
in 15.0 g of pure, clear oily product. The yield of this 
reaction step was about 75±5%. 

The nmr "H-nnir soectrum shows a multiolet at 
4.55 ppm which is characteristic of the H a proton of the 
2 0 TH? -group (as shown in reaction scheme I) . 

2 H-nmr spectral data of THP-derivative of 3- 
bromo propane 1: : H-nmr (CDCl 3 j , S 1 . 30-1. 30 (m, 6) ; 
2'.06(qn., 2); 3 . 40-3 - 50 (m, 4 ) ; 3 . 74-3 . 33 (m, 2 ) and 4 1 .50- 
4.57(m,l) . 
2 5 Kb). AlXvlation Reaction 

This synthetic scheme may be better understood 
by referring to Scheme lb) below, 



lb) Bull *- Diisoprspylairine 1 1,1 1 uDA 




C3 2 "i ar-(CS 2 ) n . 1 -0 1 
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^he r^ocedure utilized the in situ generation 
o-r Hthium dii'scoropyiamide (LDA) .. A 500 ml round bottom 
^ ask was dried in an oven and cooled in a desiccator m 
order to remove moisture prior to use. Diisopropylamine, 

, , . . n i a ced in the 500 ml round bottom 

5 3 i ml (_22 mmola) , *<as pj-aceu. _n ' 

i •■ Mthflr -^h -5 o il of crv tetrahydrofuran (THF ) . 
flask "cogether w — n. -lzj.u w - 

~ ^TpcV was saniDDed with a rhree-way 

stoocock. one of the outlets of the stopcock was 
connected to 'an argon-filled balloon and the other outlet 
10 was sealed with a rubber septum in order to facilitate 

• ~ n /T P The ^lask. was 

introduction of reagents using a syringe, me 

coded at -78°C in a constantly stirred dry ice - 

isoorooyi alcohol cooling bath to which both dry ice ana 

<sooroovi alcohol were added as needed to maintain cne 

" " half an hour 14. 0 ml (_22 mmole) 

15 bath temoerature. A^a. na~u an aou. 

. ^^m,™ - as s i owi y added to the diisopropyiamme 
of buxv 11 2. -nxum. was suw.v «^ 

~ -tAjis-i -n the reaction flask vas 
solution. After ~ne aaai^Xwii, uae 

. *'*~„ m -hp cao^na bath for 10 min.f ^ na 
c^efullv raised rrom une coo — 

t*en re-innersed into the cooling bath. 

4, 4 '-dimethy 1-2, 2 '-bipyridine, 3.63 g (.20.0 

«j = fine oowder in a pestle and 

mmoie) , was ground ir.uo a r_n_ powu. 

aort-r. This was dissolved in 8 0.0 ml of dry 
t-t-abvdrofiuran (THF) in a 250 ml round bottom fiask. 
T^'raaction fiask was raised just above the surface o. 

t. ^ -he biDV^-idine solution was slowly 

25 the cooling bath, and une Dipyriaix 

added. Uoon addition of the bipyridine solution .ne ^ 
taction mixture turned dark purple in color. Ar«r tne 
compete addition of the bipyridine solution, the r.ask 
vas'r^mmersed in the cooling bath and the reaction 

_ . CC ol^ng bath for two nours. 

30 mixture was stirred m -ne c-oi_uy 

rrvr.-de-ivative of 3-bromc-i-cropanol, 5.0 g (-26-0 

■ mmoie) 7was placed in a 100 ml round bottom flask and 

then about 10-15 ml dry THF was added and the soiven. was 

• a on » — tarv evaoorator. The process or 
evaDoratea on a _ a .-airy „„y. a 

.•„„.,= thf was repeated uvo moj- - 
35 addition and evaporation or ory THj: . 

times, and each time the vacuum was released to argon. 
Finally, the residue was dissolved in 5.0 ml of cry Th, 
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and the resulting solution was added to the reaction 
mixture and stirred for another hour. The reaction was 
checked by TLC on silica-gel plate with 10% methanol : 
90% chloroform as the mobile phase. The TLC revealed two 
spots. The slower moving (unreacted) 4, 4'-dimethyl-2,2'- 
bipyridine has an R f _0-35, and the faster moving alkylated 
product has an R_-_0.42. A successful reaction was 
indicated when the TLC spot corresponding to the desired 
croduct represented more than 50% by mass with respect to 
untreated starting material. The reaction mixture was 
then allowed to stir overnight. No further addition of 
either the dry ice or the isoprcpyl alcohol to the 
cooling bath was necessary. 

The TLC cf the reaction was checked again the 
next day. The reaction was then quenched by adding 100 
ml of saturated NK 4 Cl solution and the quenched mixture 
was transferred to a separatory funnel. After shaking, 
followed by settling of the mixture, the solution 
separated into a 'bottom aqueous layer and a top THF 
layer. The TK? layer was then separated and dried over 
anhydrous sodium sulfate. The aqueous layer was 
extracted twice with 150 ml of dichioromethane. The 
combined organic layer was dried over anhydrous sodium 
sulfate and rotary evaporated to obtain an oily residue. 
The reaction mixture was purified after the deprotection 
of THP group as described below in 1(c) . 
lfe). pepr^ection THP-Grouo and Purification bv 
Column chromatography 

This synthetic scheme may be better understood 

by referring to Scheme lc) below. 



lc) 
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The R-- difference between the unreacted 4,4'- 
dimethyl-2,2'-bI?yridine and the alkylated product is 
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very small. Hence, it is preferable to carry-out the 
ourification of the bipyridine H<3^ the 
deDrotecticn of the TH?-grou? which results in a 
considerable S f difference between the desired prccuct 
5 and the impurity. 



compound 



3# 

0.42. 
0.35. 



- v . TraJ .; iro r f i-ca-bon biovriaine Ixgana 
TEP-aeriva^ive °- * Ca - "TV-. / } im . oac - 0 a) 0.3r>. 

tcarScn bTpyricine ligand (alcohol Ixgand) 0 . ~ . 

10 A0 B i methanol was added to the oily residue 

from the alxylation reaction (section 1(b)) and placed in 

, , .-i.c-v il?e oilv residua conrams a 

a 250 si round screen ^asit. i^- w — - 

arxtur- of unreacted 4 , 4 -dimethyl-2 , 2 '-bipyridine, THP- 
15 de-native of bipyridine ligand (the desired procurt) , 
and the unreacted TE?-derivative of 3-bromo-l-propanoi. 
-toiueresuifonic acid, 5.0 g (-25 mmoie) , was added to 
the reaction mixture followed by stirring at room 

-«r- i h The reaction was monitored by TLC 
tsnroerature ror 1 n.. J-ae --<=-*- 

" n1a t=s w^h 10% methanol : chloroform as 

the ^"bilaWsa. The R £ values for various components 
ve . e: unreacted 4, 4 '-dimethy 1-2 , 2 -bipyridine R f _0.3,, 
^-a>-vative of bipyridine ligand with spacer arm 
To. 42, and the bipyridine alcohol ligand with ^.spacer 
2S ^ H-0.15. completion of the reaction was indicated by 
the d^saooearance of the spot corresponding uo the in.- 
derivative of bipyridine ligand (Rf .0.42) on TLC- The 

j. was then e vac orated on a rotary 

solvent: (mei_a.ancj.; w<s.;a — 

-vaocrator, and the residue resuspended in 10 ml or 
B0 d^chloromethane, to which 40.0 ml of saturated sclurion 
of sodium bicarbonate was added. The aqueous layer was 
ti-n extracted twice with 100 ml of dichlorcmethane. The 

--=,«= n-i(=d ove->- anhvdrous socium 
combined organic layer was cu.iea ove_ 

T , 3 - c-r^-i nned-of f on a rotary 
sulfate, and the solvent was s^-ppea 

35 evaoorator, yielding an oily rssicue as 

The oily product was purified by silica g=i 

. " ^^tf us^ng 2% methanol : 98% chloroform 
column chromatograpny us-ny * m 

as mobile phase. «» " lu ™ " as monitored by TLC on 
silica gel with 10% methanol : 90% cWorotor-. The pure 



fractions (as judged by TLC) were pooled and the solvent 
was removed by rotary evaporation. The yield of the 
alleviation reaction was very much dependent on the 
maintenance of dry conditions during the reaction as well 
as on the freshness of reagents such as butyilithium. 
The vield of this alkylation reaction sts? was about 
60±10%. The compound was characterized by recording a "K- 
NMR spec- run of the sample. 

lE-NMH spectral data of bipyridine alcohol 
ligand: 1 H-NHR (CDC1 3 ) , 5 1.54-1. 64 (m, 2) ; 1.63-1.30(m,2) ; 
2.45(s,A3-CH 3 ) ; 2.66-2.75(t,2) ; 3 . 59-3 . 63 ( t , 2 ) ; 7.09- 
7.20(m,2 Ar-H); 8.20 (S,2 Ar-H) 8 . 50-8 . 60 (m, 2 Ar-~) . 
2. Preparation of fri3-3ipvridine Rut henium (II) Complex 
Tag-Alcohol) 

Th-'s synthetic scheme may be better understood 

bv referring to Scheme 2) below. 
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Cis-dichloro-bis (bipyridine) ruthenium (II) dihydrata, 
1.040 g (2.0 mmole), and 530.0 mg (_2.2 mmole) of 4- 
carbon bipyridine ligand (from section 1C) , were placed 
in a 250 ml round bottom flask, 50.0 ml of 10% ethanoi in 
water was added, and the solution was purged with argon 
gas for 10-15 min. The flask was fitted with a water 
cooled condenser, and the mixture was refluxed for 6 h to 
form the tris-bipyridine ruthenium (II) complex. The 
flask was covered with aluminum foil during refluxing. 
The solvent was removed by rotary evaporation, and the 
complex was then dissolved in a minimum amount of 
deionized water and loaded onto the ion-exchange column. 

The usual purification procedure used 7.0 g of 
the ion-exchange resin to purify 1.3 g (.2.0 mmole) of 
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the comolex by column chromatography. The resin was 
allowd to swell in 300 ml of deionized water for 2-3 h, 
and then the swelled resin was pac3ced into a column 30 cm 

• • ^ -> =; rm in -inner diameter to a height: oz -a 
in lengta and 2 . o cm in. — ^— ^ 

j-v,-- i pve^-ed w ; th washed and dried 
5 cm. The resin was uhsn laye_ea w_ . ■ __ n 

- - • , noicrr- of 0.5 cm and the column wasned wiua 2oO 
sana to a asign- Qj - u - 3 ^ 

a i c-onizsd water. The Tag-alcohol from the compl-x 
formation ruction from section 2 «. dissolved » a 

• ^ _ water and was carefully 

minimum amount or deionizea wa- — 

" , nn „ Q <- OD of the resin. The chromatogram was 
10 layered oiiwO uiis wuu ^ 

. , ,- w wasHna the column with 250 ml of deionizea 

water"." Du-ng this wash step, a ligM yellow colored _ 
< mD uritv began separating from th* main band (deep-red » 
colo-l .' This impurity was driven-of f the column ny 

ml of 10 mli NaCl solution, 
is washing the coiunn wxtn .3=0 ml or m. ^ 

«,ua«t was later switched to 100 m Had solution, 
r,:^ this, the d-?^ c=l°«d band began slutmg, 

idlest of the desired product -was eluted in a volume or 
500-600 ml. A darK brown colored material was adscroed 
20 onto the column permanently and was not eluted from tne 
column even under very high ionic strength sur.er (2-3 M 

HC1 and NaCl) . . .. ^ 

The eluted Tag-alcohol was then precipi^-d 

using ammonium hexaf luoro-phosphate by the following 
2S trocedura. The eluate was heated to filing 

constant stirring, and then allowed to cool .o 7, 30 C, 
,o"owd by the addition of ammonium he*a-f luoropnospna.- 
( , small amounts, using a spatula, until a s_«le 

• »= Q ea-ed foracioitate appeared and did not go 

Drecioi^a-e appearea (c^c-j." - 

" ■ • The solution was first brought to 

30 into solution again). Tne so_ll«- 

, J -„„ /r>n-25°C) and then cooled to 4 C 
room temperature (20 2o C) on a 

overnight. The resulting precipice was c-l--w-d 
Buchner funnel fitted with a fritted disc (10-1, „, , and 
then dried under vacuum. The average yield of this 

*-4«n arte^- column ourification was .ound 
35 comdexation reaction a^e- co-am . 

to "be >80%. The molecular weight of the complex at Jx-« 
stage is .945.45 (excluding water off hydration). 



\ 



10 



15 



20 



25 



30 



35 



The Tag-alcohol prepared and purified by the 
above procedure was then analyzed by K?LC and ^-ranr 
spectroscopy. HPLC characterization was performed on 
Perkin-Elmer HPLC instrument with a Beckaan c ig -reverse 
phase column. The mobile phase consisted of buffers: A) 
50 o.ld M triethylasuioniusi acetate, pH 7.25 : 50% • 
acatonitrile, and 3) 90% acatonitrile : 10% 0.10 M 
triethylanaoniua acetate, pH 7.25. The chromatography 
was run under isccratic condition with 30% buffer B. The 
flow rate was aaincained at 1.0 ml/min., and elution was 
monitored by absorbance at 28 0 ma. 

Tag-alcohol, 2.0 mg, was dissolved in 100 jil of 
buffer 3. Then 1.0 y.1 of this st:ock solution was diluted 
to 400 Ml with buffer B. 50 nl of this diluted solution 
was injected into the HPLC instrument. The tag-alcohol 
eluted as a single major peak between 22-23 min. The 
purity of the Tag-alcohol, as determined by integration 
of the elution peak, was 95±3%. 

rj^g iji-nmr spectrum was recorded on a GE-3 00 
MHz FT-nmr instrument. In a typical analysis, 3 0 mg of 
Tag-alcohol was dissolved in 500 pi of CD 3 CN. The ^-NMR 
also clearly indicated that the purity of the material 

was satisfactory • 

1 H-NMH spectral data of Tag-alcohol: 1 K-NMR 

(CD 3 CN) S 1.52-1.63(111,2); 1.72-1, 35 (m, 2) ; 2.20(s,3 Ar- 
CH 3 ); 2.82-2.90(m,2) ; 3 . 50-3 . 60 (m, 2 ) ; 7.23-7.3 2 (1(1,2, 5' 
Ar-H); 7,33-7.43(10,4, 4 Ar-H) ; 7 . 42-7 . 52 (m, 2 3' Ar-K) ; 
7.52-760(m,4, 3 Ar-H) ; 3.02-3.14(111,4, 5 Ar-H); 8.38- 
8.44(d,2, 6' Ar-H) and 3 . 50-3 . 56 (d, 4 , 6 Ar-H). 
3 . Fhosphitylation R eaction 

This synthetic scheme may be better understood 

by referring to Scheme 3) below. 

/ 
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Tag-alcohol, 945 mg (.1 mmole) , and 35.0 rag 
(0.5 mmole) of iH-tetrazole vera placed in a 50 ml round 
b^t» flask. 10 ml of freshly distilled dry 
5 acetcnitrila (distilled over CaH 2 ) was added and rotary 
evaporated. The addition and evaporation of dry • ^ ^ 
ac°tonitriie was performed uiree u- aes wo e..si~ 

~ • - « finaiiv, the mixture 

material was devoia of moisture. -_na__y, 

. . , • • - . a ^- a70 ie was redissoived in 3.0 mi or 
tag-alcohol ana ..a^azoie was. 

• j • mi-rina the course of the entxre 

to drv acetonitnle. Dur_ng ui» 

- ono . a H 0 rs tV» reaction flask was maintained 
secmence or ooera--ions 1- — >- 

„ .^.-.hor 8 ?- C vanoethvl-N,N r N',N'-tetra- 
und eT " arcron a^cs-r.e-e. - ^~ 

ri^^-nn-cacHam^d^ts (shosphitylating agenL) , =00 
isoD^ocviDnosonOi-ocj-ci^-^— 1 — v- 

~i '(We mmole), was added to the stirring reaction 
,5 fixture. The reaction was allowed to proceed for 1 h 

, . , _.-„„- r n<1 ^e reaction was stopped by 
covered oy aluminum ^.o-i. j— i- 

, ^ _ tf .4.„ r 9t»d sodium chloride 
addition of 10.0 sal or a sa^ura^ea saa_ 

- ■- ' ,^, a „„ c i.to- was extracted thrice wirn 
solution and tne aqueous iaye_ 

~ - -., 1nr ,- B -haie ^he combined organic layer was 
25 ml or cicnloro^ev-nane. -n- '" w 

"* , . _ _ , , -7 -c-.-.^-, a-,/? the solvent was 

2 0 dri=d over anhvdrous sodium suUaua and s 

^emov=d fay rctarv evaporation. The foamy residue was 
dried extensively under vacuum. The material was^ 
dissolved in 15-20 ml of dry dichloromethane and rne 

- .-j a c"ii-rina solution or dry 
solution was slowly aaced uo a s—r-ing » 

. nrararable to carry-out this 

25 penrane. n- is pre a^j. 

• , f .^ nn <-- aD in a glove box under an argon 
Lrmosohere. After the addition of about 10 ml of the 
tag-ohosohoramidite solution, the precipitate was flowed 
to settle-down. The pentane (supernatant) was care_ - y 

™ „~ ard was replenished with fresh pentane 

3 0 decanr.ec.-c j- ana rfas j--^ 

. . « _ i raa-ohosTshoramic^ue 

followed by addition of remaining uag ?r ^ 

, . . -ha complete addition of tne uag- 

solution. Aj-i-er c>jM - JJ - . . , • 

- ■ • -kc nroc<oitate was stirrea m 
phosphor**!*!" soxu^on .he SUDer ^tant 
Dentane solution for hair a n aour more. T "« ■ - 

- n„ and the traces or solvent «e_e 
35 was decanted carerully, ana tne »_* 

m The ^inal product was an amorphous 
removed under vacuum. The final pro 

- ,Hd it was extensively dried under vacuum. The 
nowaer, ana WGL ^ 
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oroduct was characterized by 31 P-nmr spectroscopy. The 
yield of the phosphityiation reaction after the 
precipitation step has been consistently found to be 

""\ >75%. 

The tag-phosphoramidite was characterized by 
3i P-nmr. The sample was prepared by dissolving 45.0 mg of 
tag-phosphoramidite in 50.0 fil of CD 3 CN. The spectrum was 
recorded on a JZCL 270 MHz Ft-nmr instrument with 85% 
phosphoric acid as the external standard. 

1 H-NKR spectral data of tag-phosphoramidite: *K- 
NMH (CD 3 CN), S 1.10-1.21(10,12); 1. 61-1 - 72 (m, 2) 7 1.75- 
1.85(m,2); 2.1(s,3 Ar-Cg,) ; 2 . 52-2 . 63 (t , 2) ; 2.32- 
2.83(t,2); 3.52-3 .83 (3,6); 7.25-7.30(31,2, 5' Ar-H) ; 7.39- 
7.46(ffl,4, 4 Ar-H) , 7 . 55-7 . 61 (m, 2 , 3' Ar-H); 7.75- 
15 7.80(m,4, 3 Ar-H.) ; 8 . 03-3 . 12 (m, 4 , 5 Ar-HJ ; 8 . 39-3 . 45 (d, 2 , 
6' Ar-H) and 8 . 51-8 . 56*d, 4 , 6 Ar-H) . 

EXAMPLE II 

Oligonucleotide synthesis 
The oligonucleotides were made on an Applied 
2 0 Biosystems (San Jcse, California) automated 

oligonucleotide synthesizer using the S-cyanoethyi - 
• phosphoramidite chemistry (17)- Oligonucleotide amino . 
modifications to the 5' end occurred at the last coupling 
steo. Clontech (San Diego, California) supplied the 
25 amino modifiers. The resulting 5' modified 

oligonucleotides all contain a six carbon spacer arm to 
the amino group, designated (C6, NH2) . Some of the 
sequences were' labeled directly during synthesis using 
the tag-nhosphoramidite. Oligonucleotide Ru(II) 
modifications to the 5' end occurred at the last coupling 
step using the tag-phosphoramidite (0.4M) on the Applied 
3iosystems automated oligonucleotide synthesizer, 
designated as Ru(II) , in the following oligonucleotide. 
The oligonucleotides which were constructed, their 
35 modifications and utility are described below. 
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A. oligonucleotides INFG2 (SEQ ID NO:l) 

and INFG3 (SEQ ID NO: 2) for amplification 
of the human interfer on era mm a rrA-n e (IB) . 

5 INFG2 ( C5 , NH2 ) CTCCACACTCTTTTGGATGCTCTGGTCATC ; 
INFG3 (Co, NH2) CACATCATCCTCTGTTTGTGCTCTTTCCT . 

B. oligonucleotides for human papilloma virus (SPV) 
directed to the 36 region (19)/ oligonucleotide 

10 seouences 2PV1S (SEQ ID No:3), 3PV16 (SEQ ID NO:4), 

3PV16D (SEQ ID NO:4), 2PV13 (SEP ID NO:5), 3PV13 
fSEQ ID No: S) . 

For HP VI 6 : 

2?Vio 5' (C6, NH2) CAGTTAATACACCTAATTAACAAATCACAC ; 
IS 3? VIS 5 r (CS r NH2) ACAACATTAGAACAGCAATACAACAAACCG; and 
3PV16p 5 r Ru ( ZI ) : ACAACATTAGAACAGCAATACAACAAACCG * 
For EPV13 : 

2PV13 5' (C6 r NH2) CACCGCAGGCACCTTATTAATAAATTGTAT ; 
3PV13 5' (C6, NE2) GACACATTGGAAAAACTAACTAACAGTGGG. 

20 Ties a oligcnucleotides enable the amplification 

of the fragments 3PV15 or 3? VI 3 for HPV 16 and 13 DNA 
respectively, with, biotinylated 2PV16 or 2PV13 for 
caotura of the respective amplified products- 

oligonucleotides TRP * CO 3 (SEQ ID NO:7) and TRP.C04 
25 (SEQ ID NO:S) specific for the Tro E/D region of 

the Escherichia coll genome ( 20, 21) . _ 

TRP.C03 5' (C5,NH2) GCCACGCAAGCGGGTGAGGAGTTCC (NH2 ) was 
labeled with biotin and 
3 0 TRP. CO 4 5' (C6,NH2) GTCCGAGG CAAATG C CAATAATGG was labeled 
with tag-NHS ester label as described below* 

EZAHPLS III 
Labelincr Oligonucleotides 
All the synthetic oligonucleotides were 
35 Durified to remove any contaminating amino groups by gel 
filtration on a 3 10 GEL™ PS (3io-Rad Labs, Richmond, 
California) column* Biotin was introduced via the 5'- 
amino group of the oligonucleotides using NnS-biotin 



(dontech, San Diego, .California) . Tag-NHS ester label 
(an NHS ester of the Ru tris bipyridyl complex) was 
introduced via the amino group of the modified 
oligonucleotides as. follows. The oligonucleotides 
(O.l^mole) in lOOjil of ?3S (pH 7.4) were reacted with 
O.Sumole of tag-NKS ester label dissolved in DMSO • 
overnight at room temperature in the dark. 
OUconuciecticas were recovered from these labeling 
reactions by' ethanol precipitation. 

proration o f fifcreptavi Magnetic Beads 
To 15 mg of BSA (in 2-3 ml ?3S) , 105 /zl °- 
dimethvlsulfoxide containing 50 mg/ml of biotin-x-NES 
(Ciontech, San Diego, California) was added followed by 
mixing and incubation at room temperature for 3 0 minutes. 
The reaction was sropped by adding 30 jxl of 1M glycine 
and incubarion at room temperature for 10 minutes. The 
reaction mix was purified by gel filtration 
chromatoaraohv (3io-Gel P6, Sio-rad Labs, Richmond, 
California). This biotin-BSA was filtered using a 0.2 pm 
filter and syringe. 5 mg biotin-BSA in 10 ml of 0.2 K 
sodium carbonate/bicarbonate buffer P H 9.6 was added. to 

300 mg of DYNABEADS* (DYNAL #14002) (DYNABEADS is a 

trademark of DYNAL, Great Neck, New York) (the beads 

comprise either: 

(i) Dynal M-450 Dynabeads, 4.5 urn diameter 

superparamagnetic particles, 30 mg/mL, 
obtained from Dynal, 45 North Station 
Plaza, Great Neck, NY 11021; or 

(ii) Dynal M-230 Dynabeads, 2.3 tiM 
diameter superparamagnetic particles, 10 
mg/mL, obtained from Dynal, 45 North 
Station Plaza, Great Neck, NY 11021) 

washed with carbonate/bicarbonate. This mixture was 
vortexed, and incubated overnight at room temperature 
with mixing. The beads were magnetically separated 
followed by the addition of 10 ml ECL diluent (37.5 mM 
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^H 2 P0 4/ 109.2 mK K 2 HP0 4 - 3H 2 0 f 151.7 mM NaCi, 0.65 mM NaN 3 , 
0 43 mf bovine serum albumin in H 2 0) and 100 nl tSNA (10 
ag/ml) . This mixture was incubated for 3-4 hours a* room 
temperature vita mixing. The beads were washed once with 
5 ■> o ml of ECL diluent and resuspended in 10 ml of ECL 
diluent and 100 M l «NA (10 mg/ml) . This mixture- was 

• j „,» ;. r ,- 2 r»d at 2-S °C overnight to stabilize 
mixed anc. .jCui-di-ea c*- 

■ ■ s ^ -n«r«; ^h a beads were magnetically separated 

" . ^ 4- in ml of nhosohate buffered saline (PBS) 

and suspended i^ i u mJ - ai - - u • 

. . " 0 r =-^eDt-vidin (Scriops Laboratories, 

10 containing Is mg oj. s^ep^iu. v 

r - ■, -n-T, -i a catalog number S1214) followed by 
San Diego, Cai-iOi.nia, cd.u<=._wy 

• • „n* h QU r ^he beads were washed 4 times m 10 
mixing rcr one nour. -n- ^ 

Ml ECL dil»»t, With 5 minu-.es Mixing for each wash The 
beads were finally resusper.ded in 29 . 7 ml of ECL dUuen. 
15 and 3 00 Ml tSNA (10mg/ml) -o a anal c-nce..— * 
mg/ml particles + 100 /rg/ml tRNA. 

^Hf-jcatio" intPrf p-on fiamna Gene 

A. arralific«-H-OTt pr ocedure. 
20 * -rne anDlif ication reaction was set up as 

follows. A reaction mixture was prepared containing dMP 

200MM, dCTP 200U-, dC-T? 200..M, dTTP 200uM, MgCl 2 2mK, ^ 

_ 0 ^ - = n-M- KrJ ^-^ inter 0.5^M f AispliTaq 
p:.^ n zimer-Cetus, Nerval*, Connecticut) 40Units/ml and 

25 sammle DNA M- The primer used was the INFG3 primer 
(Bel IIA) labeled with tag-NHS ester. The DNA samples 
ve~ human placental DNA (Sigma, St. Louis, Missouri) and 
Salmon soerm (SS) DNA (Sigma) as the control. This 
roaction mix was subjected to 30 cycles of 97 °C ror 

30 sec and 50 -C for 1 sec in a Perkin Elmer-Cetus DNA 

i nu fl <=*nriles were analyzed -or 

thermal cycler. The sanpieb wg-l = 

amoUficaWcn by hybridization with 2ng of XW» (SZQ xD 
Noll) labeled with biotin to 90,1 of sample for 30 mm at 

, • „«j Mffln i os were then incubated with 
55=>C These hvbridized sampi-s wet- ^ 

35 20«r"of streotavidin heads for 30 min at room temperature 
wita shaJcin* to capture the biotinylated probe. These 
beads we" then washed three times with ECL assay suffer 



n-»2 mM KE.PO,, S3 mM K,EP0 4 -3H 2 0, 50 fiK NaCl, 6.5 mM 
NaN 3 , 0.3 fiK Triton X-100, 0.4 mM Tween 20, 100 mM 
tripropylamine) and the samples of beads resuspended in 
ECL assay buffer and read or. an ECL analyzer to determine 
the level cf eiectrochemiluminescence (ECL) expressed as 
numbers of ECL counts. The result was as follows,- for 
the salmon sperm DNA, 62 .counts; and for the human 
placental DNA , 22961 counts. This result demonstrated 
the specific amplification of the interferon gene segment 
of interest. 

B. evaluation of amplif ication bv Southern Blot. 

In order to evaluate the nature of this 
amnlification, a Southern blot analysis was performed 
upon amplified product. Ten pi of the INFG3 amplified 
human DNA sample (equivalent to ICOng of starting DNA) , 
10/il of INFG3 amplified salmon sperm DNA , lug of human 
placental DNA and DNA size markers were subjected to gel 
electrophoresis followed by transfer to nitrocellulose 
membrane (22). This blotted DNA was then subjected to 
hybridization with the INFC-2 (SZQ ID NO:l) biotinylated 
probe followed by detection using a streptavidin alkaline 
ohosohatase kit following recommended procedures (Life 
Technologies, Gaithersburg, Maryland). The result. cf 
this test was the demonstration of two strongly 
hybridizing species in the amplified sample. These 
species were estimated based on the DNA size markers to 
be of 620 and 590 base pairs. As expected the 
unamplified human DNA did not show any signal nor did the 
salmon sperm amplified controls. This data from the 
Southern blot analysis supports the conclusion from the 
ECL assay that single primer amplification was observed. 

Amplificat^n ^ Human vlnrn 1« (KFV16) DNA 

A. Amplification pr ocedure. 

The amplification reaction was sat up as 
follows. A reaction mixture was prepared containing dATP 
2QQV.K, ; dCT? 200MM, dGTP 200MM, 'dTTP 200.UM, MgCl 2 2mM, 



15 



PCT/US92/10524 

WO 93/12245 

3 6 

^s-HCL 10BK, oH 8.3, 50mM KCl, Primer 0.5^K, AmpliTaq® 
p.^n Elmer-Ce^us) 40TJnits/ml and sample DNA W . The 
orimer used was the 3PV15 (SEQ ID NO:4) primer labeled 

wrxq ps-o- ^he DNA samples were 5PV16 DNA (24) 

n i T * /cinns^ as the control. This 

5 and Salmon sperm DN.-. (Sigma; 

c-hT=-r°d to 80 cvcles of 97°.C for 
reaction mixture was sarge-w-u. 

^ -no, r nr t S £c a Parkin Elmer-Cetus DNA 
10 sac ana o0°C -or i seu. _n <=^ 

thermal cycler. ... . 

The samples were analysed for amplification by 

^ - nH^h 7ncr of 2PV16 labeled with biotin to 

10 hvbricizauion wi^n ^ng Ul - ~- 

a - ^n^c ^hese hybridized 
90^1 of sample ror 30 mm ac oo c. -a-* jt ^ 

: nr7 ,- n3 ror? with 20/ig cf streptavidm 
samp 1 es were nhen mc joauw- * ^ 

beads for 3 0 min at room temperature with shaking to 
capture the biotinylated probe. These beads were wen 

. . rrt ?csav buffer and the samples 

washed three mmas %3.uii ^CL assay cu„ 

. . • -ppt ?ssa v bu-fer and read on an 
of beads resuspenaec. j.n ^.CL assay du 

. . j -—a— n^" level or r.c^. me 

ECL analyser to dauerm.ne -n- — 

^ • -rT counts- For the salmon 
was as follows expressed m -CL counu»- 

SDer , DNA, 57 counts, and for the HPV1S DNA , 32444 
20 counts. This result demonstrated the speciric 

aan^ication of the HP VI 6 DNA of interest 

3." -~2~^™ a M lifi r^on by Southern Blot. 

r n order to evaluate the nature ol tnis 

amo^- cation a Southern blot analysis was performed.. 
25 ^n pi of the 3PV16 amplified HPV1S DNA sample 

C^ouivalent to lOOng of starting DNA) , 10ul of 3PV16 

nwa ma of E?V1S"DNA and DNA size 
amplified salmon sperm DNA, l^g o^ n_v_ 

- a ce i eTectroDhcresis followed by 
markers were suojecao. ua ge- e_e<- . 

. n .i\ This olocrea 

transfer to nitrocellulose membrane (2-=). .Tax 

30 DNA was then subjected to hybridization with the 2_V_o 
b^otinvlated orobe followed by detection using 
st7 .^: v , d ,- n aucalina phosphatase kit following 

- « rri-F* Technologies, Gaitharsburg, 
recommended procedures (Li^e Tacnno-^ ^ 

. 4_ test was the demons >.rauian 

Maryland) ■ O- ° f ^ anD u<>isd HPV16 

35 of a strongly hybridizing specks »> "' ie an ? 1 "- 1 

uac: p^.Wated, based on "he dna 
DNA sample. This species was esu_mau_ , ^ 

"i « be 870 base r=airs. The unampliried 

size markers, >-o De a/ . u 



EPV15 DNA did not show any signal, nor the salmon sperm 
amplified controls. This data from the southern blot 
analysis supports the conclusion based on ECL assay 
evidence that single primer amplification was achieved. 

Amplification of Escher ichia coli DNA . 

The amciif ication reaction was sat up as 
follows. A reaction mixture was prepared containing dAT? 
200^M, dCT? 20O.utf, dC-T? 200 M M, dTT? 200uM, MgCl 2 2mM, 
Tris-HCL lOmM, pK 3.3, 50mM KCl, Primer 0.5uM, AmpliTaq® 
(Parkin Elmer-Cetus) 4 0Units/ml and sample DNA lug. The 
primer used was the TRP.C04 primer labeled with tag-NHS 
ester. The DNA samples were Escherichia coli DNA (Sigma) 
and Salmon sperm DNA (Sigma) as the control. This 
reaction mix was subjected to 30 cycles of 97°C for 10 
sec and 50 °C for 1 sec in a Perkin Elmer-Cetus DNA 
thermal cycler. The samples were analyzed for 
amplification by hybridization with 2ng cf TRP.COl 
labeled with bictin to 90ul of sample for 30 min at 55°C. 
These hybridized samples were then incubated with 20 fig of 
streotavidin beads for 3 0 min at room temperature with 
shaking to capture the biotinylated probe. These beads 
were then washed three times with ECL assay buffer -and 
the samples of beads resuspended in ECL assay buffer and 
read on an ECL analyzer to determine the level of ECL. 
The result expressed in ECL counts was as follows: for 
the salmon sperm DNA, 135 integrated counts; and for the 
E. coli DNA, 1397 integrated counts. This result 
demonstrated the specific amplification of the Trp gene 
DNA of interest. 

EXAMPLE •VIII 

s 

Time Course of A mplification 
Samples of human placental K?V 16 (CaSki) and 
HPV18 (HeLa) DNA were subjected to amplification as 
described above using INFG3 (SEQ ID NO:2), 3PV16p (SEQ ID 
NO: 4) (ECL labeled using the tag-?hosphoramidite) and 
3PV1S (SEQ ID NO:S) respectively, but samples were 
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removed at cycle numbers 20, 30 , 40 , 50, 60, and 80. 
These, samples were then analyzed to determine the level 
of the amplified product as indicated by ECL counts, 
INFG3 and 3PV1S were labeled using the tag-NES -ester. 

TABLE 1 



ECL Results. 

Primer /DNA 



20 



30 



Cvcle dumber 
40 50 



60 



80 



3PV16D/HPV16 72 
10 SS* 



262 



5234 



10879 7708 



6662 
84 



3PV18/EPV18 370 533 1756 6357 6794 6073 
SS - - - - - 143 



15 INFG3 / Human 85 53 199 2735 3533 5491 

S3 ----- 35 

*SS = salmon soerm 



These results demonstrated that the 

2 0 amplification was occurring by an unexpected method as 

the levels of the signal generated showed rapid 
amplification after cycle 3 0, demonstrating an 
exponential amplification* 

SXAHPLE IX 

5 Optimal Temperature for Amplification 

To study the effect of differing temperature 
cycles on the amplification, different temperature cycles 
were evaluated. The lower temperature of the two steo 
cycle was varied. The cycle temperatures were 97 °C to 

3 30°C, S7°C to 40°C, 97°C to 50°C, 97°C to 60°C, and 97°C 
to 70 °C. These cycles are thus referred to by the lower 
temperature for clarity. In addition, the Ericomp (Twin 
Block, Ericomp Inc, San Diego , California) thermocycler 
was used. The other conditions for amplification were as 
described for the time course above for human interferon 
and human papilloma virus DNA. 



A . gftsglts with the Perfcin El mer DNA t hermal cv cler,, 

r^iA r.nupr Temperature 



Primer 


DNA 


30°C 


40°C 


50°C 


60°C 


/ 0 °c 


3PV16p 


KPV16 


10103 


16791 


10579 


12266 


61 




' SS 


S9 


113 


130 


92 


• 65 


3PV13 


HP VI 8 


50 


113 


5595 


96 


62 






73 


86 


134 


125 


66 


INFG3 


Human 


101 


1343 


7119 


6390 


52 




S3 


63 


81 


220 


917 


41 



3. results w'*h the Er icomp thermal cvcler... 

TABLE 3 



Primer DNA 30°C 



Cycle Lower ^gmaerature 

40°C 50 a C 60 3 C 7Q°C 



3PV16D HPV15 



SS 66 



16307 10491 S093 16346 71 

106 94 103 66 



3PV13 HPV18 204 



699 8333 4731 76 



55 50 51 



86 70 73 



INFG3 Human 190 3435 6350 6617 45 

SS 70 72 1265 993 55 

These results demonstrate the temperature 
dependent nature of this amplification reaction and 
indicate the need for optimization of temperatures to 
allow amplification with certain templates as each 
particular template-primer combination has a different 
temoerature optimum. The skilled artisan will understand 
that temperature optimization is often necessary in 
developing an amplification procedure. 

EXAMPLE 3 

am P lifiea t <™ Piffling DNA Po l ymerase Ensvmes 

DNA polymerase from differing sources was 
tested to establish that single primer amplification is 
not enzyme specific* 
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10 



15 



20 



25 



30 



40 

Rsaction mixtures were prepared consisting or 

tne following compositions. 

HEPLINASE™ (DuPont, Boston MS.) ; 50mM Tris-HCi, 
DF o 20mM Lmcnium sulfate, 1-SmM MgCl 2 , dATP 200 
~iCTP 200U.U, dGTP 200^., dTTP 200^, Primer 0 . 5^, 10 W /ml 
sasaols DNA, 40Unit3/ml RZPLINASE™. 

^U3™ DNA oolvmerase (Amersham, Arlington 
Eights, Illinois); 25mS Tris-HCl, P H 9.5 (25-C) , 50 off 
KC^ i0»M KgCl 2 , lag/Bl bovine serum albumin (BSA) , dATP 

dCTP ZOOfM, dGTP 200^, dTTP 20(*H, O.^K primer, 
n 0W /ai sample DNA, 40Units/ml HOT TUB™ DNA polymerase: 
pvoos-AS^™ (Molecular Genetic Resources, Tampa, Florida); 
dT^ 200UM, dCTP 200MK, dGTP 200, K , dTTP 200uM, 50m* 
«v4 S ~cl oH 9.0C25-C)-, l.5mHMgC12, 2 OmM ammonium 
^a- o".01% Gelatin, Primer 0.5^, 10 M g/ml sample DNA, 
40Uni, S ;ml PYP.OSTASE™: VENT™ DNA polymerase (New England 
Bio^abs, Beverly, Massachusetts); dATP 200,K, dCTP 200,K, 
dG - 200,*, dTTP 200,H, 20mM Tris-HCl, P H 8.3, 2m*MgS04, 
10=* ammonium sulfate, lOinM. KC1, 0.1% Triton X-100, 
O.lmg/ml BSA, 0.5uM primer, 10Mg/ml sample DNA, 

•m „.r, „i,™ a -^=:=>- aMt»TTTAQ® (PerJCl-T. 
-OUnits/ml VEST™ DNA polymerase, a~_.ui.~w v. 

Elmer-Cetus) under the conditions described above. 

-hes- polymerases were used to amplify samples 
of HPVlo (cWdNA using primer 3PV1S (SEQ ID NO: 4 
labeled using tag-NHS ester, , and human placental DNA 
using orimer XHWH (SEQ ID NO:2 labeled using .ag-NhS 
est _ } ; S£ru3lss of 100,1 were cycled in the PerKm 
Elmer-Catus Thermal cycler using a cycle of 97'C 10 sec 

an rvn^s. The E?V and iiuman 
and 50 °c 1 sec for 3 0 eye — -> . 

^Ti^^ products were analyzed as 
interferon gamma ampl2.x.i.ea r^-^^ 

above. 

0 f amplification products, are 

ECJj aS_»aJ Ox. cuuw-. 

expressed as ECL counts. 



Primer /DNA 
RZPLINA5E 



4 J. 

TABLE 4 

DNA polymerase 
AMPLITAO HOT TUB 



VENT 



PY2QSTASE 



5 3PV16D/HPV16 7449 9266 209 79766935 

INFG3 /Human 5304 5570 252 55995531 

These results demonstrate that most DNA 
polymerases would work with this amplification syscem 
with very little optimization of Mg^*- or temperature 
10 conditions. The poor activity from the Vent DNA 

polymerase may be due to non-optimal Mg++ conditions. 

EXAMPLE XI 
Sensitivity of AniDlif ication 





Samples 


of DNA 


were diluted 


and subjected to the 


IS 


single amplificat 


ion as 


described above using Tag 




■polymerase. The 


samples 


were assayed 


as described above 




using the biotinylated primers INFG2 


(SEQ ID NO: 1) , 2PV18 




(SEQ ID NO: 5) and 


2PV16 


(SEQ ID NO:3) 


The results are 




expressed as ECL 


counts . 






20 






TABLE 5 






Taa- labeled crimers 






25 


DNA 

(Amount 
3PVlSp 

of DNA . no 1 ) Human 


INFG3 
SS 


HP VI 3 SS 


3PV13 

Fi?V15 SS 




1000 13150 


112 


1366 332 


12279 114 




500 12347 




5157 


11895 




250 12307 




5319 


11717 




25 7272 




2441 


11121 


30 


1 2037 




530 


12038 



35 



These results demonstrate the sensitivity of 
this method. The human interferon gene was detected in 
only ing of sample DNA. These results are consistent 
with the data for the HPV DNA samples (Hela and CaSJci of 
Example VIII) . The result from the control sample of 1/sg 
of salmon sperm DNA demonstrates the specificity of this 
assay system* This demonstrates the utility of the 
method; for diagnosis and detection of specific genes from 
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■» t>i^ abil-'+'v of the phosohoramidite 

small sample sizes. Tna aon — y «- 

labaW orimer to undergo single primer amplification 
Efficiently enables the detection of EPV1S in Ing of DNA. 

n^imal p-ri mer co ncentration.. 
Preliminary studies vers performed utilizing 
POT TU3™, PYS0STA3Z™ and REPLINASZ™ (isolated from^ 
^hermns ^avis) polymerases which provided the best 
~sul-s in the previous examples, to determine optimal . 
« orimer concentr'ations . Concentrations of 200ng per 100*1 
faction (0-2MM) or lower were ineffective. The optimal 
concentration was about SOOngper 100*1 reaction (O.o.uM). 

« i;--io -: -mn-r-ovement was evident. In 

-_bove 0.o*2£ -l->- iS _at.-uv_jii=.i 

par-^caiar th- 'vrosTASE™ and the REPLINASE™ 
IS demonstrated better response in comparison to the other 
oclvmerases tested during the initial primer study and 

~ . j JS „_j.v <a r- The results rrcm tnese 

hence were characterized iiirJie.. ine r 

^, as ^ e Vag-labeled INFC-3 (SEQ ID NO: 2) primer 

and 1N?G2 (SZQ lb NO:l) biotinylated probe are 

. . . t>-3T? 6. ^he results are expressed 

2 0 illustrated oeicw m XaS-ue- o • 

* 

as ECL counts. 

TABLE 6 

pvRCSTi SE™ REPLINASZ™ 

polymerase: 

dna sample. 

2 s Amount of primer 
nsr reaction 

2ug 
500ng 

200ng , . 

3Q raS ults demonstrate a broad optimal 

concentration range for the primers. The lower ^ 

concentration of 500ng per 100*1 appears to be bes. 

suited to the OSIGEH* assay system as the background 

levels tend to be lower and the use of oligonucleotide is 

• i n -her assav svstems and cloning methods 
35 more economical. Ouher asseiy ^ 

would be expected to have differing optimal 
concentrations but «ould generally be expected to .o-low 
these values indicated here. The results of this exampl- 



Human 


S3 


Human 


S3 


10522 


653 


6597 


•131 


4490 


132 


4509 


225 


227 


66 


172 


65 



\ 



assay indicated -that. PYROSTASE™ provided the best rasults 
due to its ability to function well at lew and at high 
primer concentrations . 

KTMgLE XIII 

imni ifi cation of Human Pa pilloma Virus fSPVlB) DNA 

Oligonucleotide 3PV13 (SZQ ID NO: 6) was- used to 
auralify l^g of HPV13 -containing DNA (Kela) and a control 
containing salmon soera DNA, using the protocol described 
earlier with Tag and with cycling from 97°C to 60°C in 
the Ericom? thermocycler . These amplified samples (lOjil 
i.e. 10% of the amplified sample) were run on a i% 
agarose gel together with 1/ig of unamplif ied material and 
molecular weight markers. This material was then 
Southern blotted using known methods and hybridized with 
a 35 S labeled 2PV13 probe. This probe (as described in 
Example 113) has an amino group and was labeled using 
Amersham's ' 25 S labeling reagent' (Amersham, Arlington 
Heights, Illinois). In brief, 2.5^g of oligonucleotide 
was taken and reacted with 50/iCi of the ' 35 S labeling 
reagent' in lOul of 80% DMSO overnight. This labeled 
probe was precipitated from 70% ethanol and washed. The 
probe was resuspended in SOOyl of hybridization buffer 
"and used at the concentration of 2.5 x 10 5 counts per 5ml 
of hybridization solution. The filters were hybridized 
at 55 °C in 6XS5C, 0.5% SDS, lOnM EDTA 3 then washed in 
0.15XSSC, 0.1% SDS at 60°C and dried. The filters were 
next sorayed with ENHANCE™ (NEN, Boston, Massachusetts) 
and placed under film. The result of this hybridization 
experiment was the detection of specific products from 
the single primer amplification of the KPV18 containing 
DNA. The estimated size of the major product was 
determined to be about 2000 bases, with the molecular 
weight standards used. The other samples did not 
demonstrate any hybridization even though 10 fold more 
material was loaded of the unamplif ied material. This 
demonstrated the ability of the single primer 
amplification to amplify a single species. 
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What ve claim is : 

1 . A process for exponentially amplifying a 
nucleic acid sequence of interest present in a sample, 

comprising the steps of 

(a) forming a mixture of said sample and a 
single primer designed to hybridize with said nucleic 
acid sequence of interest; 

(b) causing the single primer to hybridize to a 
single strand of said nucleic acid sequence of interest; 

(c) forcing a duplex product of the said 
nucleic acid sequence by a polymerase reaction; 

(d) separating the duplex product into single 

strands ; and 

(e) repeating steps (b) (c) and (d) until the 
rate of production of the duplex product is exponential 
and the nucleic acid sequence of interest has been 
amplified. 

2. A process as recited in claim 1 wherein 
the single primer is complementary to a sequence at the 
3' end of said nucleic acid sequence of interest. 

3. A process as recited in claim 1 wherein 
the single primer is substantially complementary to a 
sequence at the 3' end of said nucleic acid of interest. 

4. A process as recited in claim 1 wherein 
said nucleic acid sequence of interest used in step (a) 
is the product of steps (d) and (a) . 

5. A process as recited in claim 1, wherein 
said steps are carried out sequentially at a temperature 
above 20 °C by contacting said mixture of said sample and 
said single primer with an enzyme that, after being 
exposed to a temperature of about 65-90 degrees C. , forms 
amplification products at the temperature of the reaction 

during steps (c) , (d) and (e) . 

6. A process as recited in claim 1, wherein 
the primer is present in a molar ratio of at least 1000:1 
to said nucleic acid sequence of interest. 
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7 . The process as recited in claim 1 wherein 
said sample contains at least two nucleic acid sequences 
cf interest and at leas*c two single primers designed to 
hybridize with said nucleic acid sequences. 
5 8 . A process as recited in claim 1 wherein 

step (e) is repeated by thermal cycling between a* lower 
temperature at which hybrization of the primer and said 
nucleic acid sequence of interest occurs , and a higher 
temperature at which the duplex product is denatured. 
10 9 . A process as recited in claim 7 wherein 

the single primer is prepared from a nucleic acid 
sequence corresponding to a first gene and said nucleic 
acid sequence of interest is a second gene sufficiently 
complementary to the primer sequence to permit successful 
5 amplification of said second gene. 

10. A process as recited in claim 1 wherein 
the primer is labeled with a detectable label or a 
binding substance. 

11. A process as recited in claim 10 wherein 
0 said label is selected from the group consisting of a 

luminescent moiety, a radioactive isotope , a metal 
chelate , a redox active species, a nuclear magnetic 
resonance isotope, a dye, a marker enzyme, and a first 
substance able to bind a second substance said second 
substance being detectable. 

12. A process as recited in claim 11 wherein 
said label is an electrochemiluminescent label. 

13 . A process as recited in claim 12 wherein 
said electrochemiluminescent primer is incorporated into 
said amplification product of said polymerase reaction. 

14. A process according to claim 11 wherein 
said labeled single primer is incorporated into said 
selected nucleic acid sequence* 

15. A method for maJcing a primer for a single 
primer exponential amplification process comprising the 
steps of; 



(a) selecting a nucleic acid sequence of 
interest, having a 3' terminal and a 5* terminal ; 

(b) preparing a first putative primer of 
approximately 10-40 base pairs designed to hybridize to a 
first primer site located at or near the 3' terminal of 
said nucleic acid sequence of interest, said putative 
crimer having a 3' and a 5' terminal; and 

(c) conducting an amplification process to 

4-w-,- ,„-,-iva nri'nor is operative for single 

conrxrm tha~ saia pu-auive . UiJ -"— 

primer exponential amplification. 

15. A method as recited in claim 15 further 
comprising, after step (b) and prior to step (c) 
determining if said first putative primer is likely to 
provide successful single priner amplification by 
comparing said putative primer to sequences in said 
nucleic acid sequence of interest situated 5' of said 
first primer selection site and within 5 3cb of said first 
crimer selection site to identify complementary region (s) 
having a degree of complementarity of at least 7.5%. 

17. A method as recited in claim 16 wherein 
said putative primer is compared to sequences in said 
nucleic acid sequence of interest situated 5' of said 
first primer selec-ion and within two kb of said first 

i — „„ _ • _ 0 jf. n ident-'^v complimentary region(s) 
crimer selection ciwe <~o idem % - 

having a degree of complementarity of at least 30.0%. 

18. A method for making a primer for a single 
primer exponential amplification process comprising the 
steps of: 

(a) selecting a nucleic acid sequence of 
interest having a 3' terminal and a 3' terminal; 

(b) preparing a first putative primer of 
approximately 10-40 base pairs designed to hybridize to a 
first primer site located at or near the 3' terminal of 
said nucleic acid sequence of interest, said putative^ 
primer having a 3' and 5' terminal; determining if said 
first putative primer is likely to provide successful 
single" primer exponential amplification by comparing said 
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• «rr.ences *n said nucleic acid 

outative crimer seguenc-s, _n 

^tuat*d 5' of said first primer 
sequence or interest siuuau-a 

selection site and within 5 *b of said first primer 
Lection site to identify complimentary re g ion(s) having 
5 a deo— of complementarity of at leasz 7.5%; ana 

*" ■ (C ) conducting a polymerase reaction to test 
- ^ nu-a-ive orimer is operative for single 

p-r-imer exponential amplification. _ 

\ 9 ' A method for making a primer for a single 

10 primer exponential amplification process comprising tne 
steos of: 

(a) selecting a nucleic acid sequence o, 

interest having a 3' terminal and a 5' terminal; ^ 

. n "h nutative nrimer Oi 

(b) preaarmg an n pa^ 1 — - 

• ■ i „ n in base oai^s designed to hybridize to 
15 aDDroximately 10-40 base pax-* ^ . 

^ seated n bases toward the 5' terminal 

an n — primer =>i«-e x-(-<=-' — 

f-om said 3' terminal; and _ > 

(C ) conducting a polymerase reaction in ^e 
usance of said putative primer to determine if said 
20 > putative primer is operative for single primer 
exponential amplification. 

ree^t-d in claim 19 wnere n is 

20. A method as recu — u- J ~ L1 - 

an integer from 1 to 100. -—he- 

21. A method as recited in claim 19 ,u_ ^e. 

25 comprising, after step (b) and prior to step (c) 

determining if said n<* putative primer is.lUcely uo 
orovide successful single primer exponential ^ 
"amplification by comparing said putative primer ^ 

in =pid nucleic acid sequence of mteresw 

secruences m saia nut - __..u h j_ 

• " • „ -/ *.<d r th orimer selection site and within 
3 0 situated =>' oj. said n ptj-m«- 

5kb of said B th priEsr selection site to ^den-fy 

complementary region(s) having; a degree c. 

• complementarity of at least 7.5*. „,,•„„ 

22 4 metnod for modifying a putatrve primer 

35 to improve its ability to prime a single primer 

exponential amplif ioation process composing .he s.. P s 



(a) modifying a first base of said putative 
primer located at or near the 5' terminal thereof, so as 
to be non-complementary to the corresponding base in the 
first primer site located at or near the 3 ' terminal of 
said nucleic acid sequence of interest and to be 
complementary to a base of said second priming site on 
said nucleic acid sequence of interest situated 5' of 
said first primer site; and 

(b) conducting a polymerase process to confirm 
that said putative primer is operative for single orimer 
exponential amplification. 



